The relevance and feasibility of this study are determined by the absence of serious, scientific research, as well as teaching materials, when it comes to the use of Augmented Reality (AR) in teaching students and future teachers Descriptive Geometry, Engineering and Computer Graphics (DGECG). The purpose of the study is to examine the current state of knowledge and practice of existing courses, which use the AR concept; to conduct a pedagogical experiment by teaching students how to create an information model of a building structure using the AR concept; to study the impact of the AR technology on students, lecturers, on the quality of students' design works and project presentation. The research methods used were a set of various, complementing each other methods, which can be divided into two groups: 1) theoretical: analysis of the teachers' and psychologists' works on the point of the research, analysis of methodological and educational literature; empirical: observation, statement, pedagogical experiment. The authors synthesized qualitative and quantitative AR research in the field of education. A team of students from Saint-Petersburg Mining University, Kazan (Volga region) Federal University and Financial University under the Government of the Russian Federation solved a design problem using AR and created an informational 3D-model of the structure. Existing methods of teaching students were supplemented and updated by the method of graphical presentation of the results, with due regard for AR-technologies. It has been found that at the present moment, the concept of AR has gained popularity not only among designers and planners, but also among schoolteachers, as well as among teachers at engineering universities. The absence of scientifically substantiated and proven programs and training materials for training students of DGECG using AR has also been confirmed. The necessity of further scientific research in the field of AR for DGECG has been substantiated. The article materials could prove to be useful for lecturers, schoolteachers and parents.
INTRODUCTION The Urgency of the Problem
In the modern situation of rapid design and growth of construction volumes, designers are facing new challenges. When presenting a construction project to a potential consumer, they have to deal with requirements which have never been made before. The use of modern augmented reality (AR) technologies in geometric building modeling has many advantages. Consequently, there is a need to teach students new construction design methods using AR technologies.
Along with the design, an important factor is the further presentation of the construction project to potential consumers. Augmented reality (AR) can be defined as a technology which overlays the real world with virtual objects (augmented components). Real objects are enhanced with computer-generated information, sometimes across multiple sensory modalities, including visual, auditory, haptic, somatosensory and olfactory (Augmented reality, 2019; Azuma, 1997; Azuma et al., 2001) . The use of modern AR technologies provides us with a number of design tools, which can be used to complement the living, real world with digital models.
Thus, the need naturally has arisen for teaching students new design methods at construction sites using AR technologies, i.e. creating not just a project of a building being constructed in the form of drawings, mock-ups, working documentation, but a model containing all the information about the object, which can be in demand throughout the entire period of its existence -from design, then to operation, and finally to demolition or reconstruction. This model should be a full-fledged virtual copy of the building with its entire "contents" and infrastructure. Moreover, all data about the object should not only be grouped together, but be the parameters of the model, the correction of which, if necessary, entails the automatic change of the entire model. All these issues are being addressed by the new direction of design, which has relatively recently begun to be used in practice,information modeling of buildings and structures, as well as AR-technologies.
Literature Review
As it is known, AR was used for the first time for education purposes to train Boeing's airline pilots and Air Force pilots (Caudell & Mizell, 1992) . Although applications of that technology were limited primarily to an extended tracking technology, the authors of the article «Augmented Reality: An Application of Heads-Up Display Technology to Manual Manufacturing Processes» in the tutorial «Boeing Computer Services, Research and Technology» Thomas Caudell аnd David Mizell had already pointed out that «many near term applications are possible».
Despite the fact that:
− currently the AR-technology is used on every level of education: in school education (Billinghurst & Duenser, 2012; Chiang, Yang, & Hwang, 2014b; Kerawalla et al., 2006) , at universities (Delello, McWhorter, & Camp, 2015; Ferrer-Torregrosa et al., 2015) ; − its use is not as difficult as it was in the past, as it no longer requires expensive hardware and sophisticated equipment;
− according to scientists, AR is currently considered as having potential for pedagogical applications, and much is known about the advantages of using AR in education (Burton et al., 2011; Chang, Morreale, & Medicherla, 2010; Cheng & Tsai, 2013; Coffin et al., 2008; Medina, Chen, & Weghorst, 2008; Shelton & Hedley, 2003; Singhal et al., 2012; Sumadio & Rambli, 2010) ;
− compared to studies of other more mature education technologies (e.g., multimedia and web-based platforms), research of AR applications in education is at an early stage, and evidence of the effects of AR on teaching and learning appears to be shallow (Wu et al., 2013; Zarraonandia et al., 2013) . In science education, research regarding AR-aided learning is in its infancy (Cheng & Tsai, 2013) , existing research has been inconsistent,
Contribution of this paper to the literature
• a systematic analysis of qualitative and quantitative studies of AR-based educational courses has been proposed;
• it has been proved that AR issues in the training of DGECG students have not been sufficiently investigated in scientific and methodological literature;
• existing methods of teaching students are supplemented and updated by the method of graphical presentation of the results of creating an informational 3D-model of a building using AR-technologies.
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3 / 17 driven largely by specific technical innovations and constraints, often lacking a clear focus on establishing their efficacy in educational contexts (Lindgren & Johnson-Glenberg, 2013) . Research is needed to ensure continuous enhancement of the implementation of this technology in the educational sector (Dalim et al., 2017) .
The Goals and Objectives of the Study
The purpose of the study is to examine the current state of knowledge and practice of existing courses, which use the AR concept; to conduct a pedagogical experiment by teaching students how to create an information model of a building structure using the AR concept; to study the impact of the AR technology on students, on the quality of students' design works and project presentation. The main tasks were the following three:
−
to discuss the effectiveness of the use of AR in teaching students DGECG, its advantages and disadvantages compared to traditional teaching method; − to present recommendations by AR practitioners based on critical evaluation and synthesis of existing research;
to investigate students' and teachers' attitude to this teaching model in general.
MATERIALS AND METHODS
To test the hypothesis of the study, a set of various complementing each other methods was used:
− theoretical: analysis of the teachers' and psychologists' works on the point of the research, analysis of methodological and educational literature; theoretical explanation of the possibility of introducing DGECG AR in engineering universities was given;
− empirical: observation, statement, pedagogical experiment, questioning, testing;
− experimental (stating, forming, control experiments); method of graphical representation of the results.
The experiment involved 168 first-year students and 26 teachers. The study was conducted in three stages:
− at the first stage, a theoretical analysis of existing methodological approaches in the scientific literature, dissertational works on problems, as well as theory and methodology of pedagogical research was carried out. The purpose, the methods of the research were determined, and the plan for experimental research was drawn up;
− at the second stage, experimental work was carried out, the results of the experimental work were analyzed, tested and clarified;
−
at the third stage, the experimental work was completed, theoretical and practical conclusions were refined, the results obtained were summarized and systematized.
Progress and Description of the Experiment

Systematic review of the literature
Before the experiment on teaching students, a systematic review of the literature on the teaching methods used in educational institutions based on AR was conducted. More than 120 scientific articles were selected for analysis. When conducting a literature analysis, the following factors were considered: category of the educational institution and student, year of publication, academic discipline, AR technologies; the advantages and problems of using AR in educational institutions were considered.
The formation of experimental groups of students. Setting a task
In the course of the experiment, 168 first-year students were given the task to create an information model of a building.
The work was divided between three groups of students. The first group developed the building project in the traditional ways, the second group -using modern information technologies, the third group -consumer experts (customers) -estimated and compared the time spent, efforts, the results obtained and the perception of the final project. Existing methods of teaching students were supplemented and updated by the methods of graphical presentation of the results with due regard for AR-technologies.
Stages of the students' work on creating an information model of the building
1.
At the first stage, primary design elements were developed that corresponded to both construction products (floor slabs, doors, windows, etc.), and equipment elements (heating and lighting devices, elevators, etc.) Voronina et al. / Augmented Reality in Teaching Descriptive Geometry, Engineering and Computer Graphics 4 / 17 and everything that is directly related to the building, but is produced outside the construction site and during the construction of the object is not divided into parts.
2.
The second stage was the modeling of everything that is created at the construction site. These are foundations, walls, roofs, curtain walls, etc. Thus, information modeling of a building initially implies having the understanding of how to erect this building, how to equip it and how to live and work in it. The division into stages (first and second) when creating the information model of the structure is not mandatory -for instance, it's possible to insert windows into the simulated objects, and then change them, and the already changed windows will appear in the project.
3. At the third stage, a virtual building model was created.
Problem Status
− Currently, AR-technologies are used at all levels of education: at schools, at universities.
−
Using AR at our time is not as difficult as it was in the past, since it no longer requires expensive and complex equipment.
AR is currently considered to have potential for pedagogical application and much is known about the benefits of AR in education
There is not much evidence of the impact of AR on teaching and learning. In the field of science education, research in the field of AR-enhanced learning is in its infancy.
Existing studies are fragmented, mainly due to specific technical innovations and limitations, often do not have a clear focus on establishing their effectiveness in the educational context, and further research is needed to ensure continuous improvement and more efficient introduction of this technology in the educational sector.
RESULTS
A Systematic Analysis of Studies of AR-Based Educational Courses
Tables 1-5 present some research conducted on AR in different fields of education. The analysis includes examples of how the AR technology was implemented in the respective fields of education, namely, Medicine, Chemistry, Mathematics, Physics, Biology, Astronomy and History. This research was conducted in order to evaluate the potential of AR in education. (2014) The development and evaluation of an augmented reality-based armillary sphere for astronomical observation instruction Chang (2015) Assessing the effectiveness of learning solid geometry by using an augmented reality-assisted learning system 
Are augmented reality picture books magic or real for preschool children aged five to six? (2016) Augmented reality for teaching science vocabulary to postsecondary education students with intellectual disabilities and autism 
Experiment
After reviewing the problem being studied -teaching students with the help of the AR technology -an experiment was conducted to introduce this technology to the educational process (Tretyakova & Merkulova, 2017; Tretyakova, Merkulova, & Voronina, 2018) . In the course of this experiment, 168 first-year students were given the task to create an informational model of a building.
Stages of the Students' Work on Creating an Information Model of the Building
1.
At the first stage, primary design elements were developed that corresponded to both construction products (floor slabs, doors, windows, etc.), and equipment elements (heating and lighting devices, elevators, etc.) and everything that is directly related to the building, but is produced outside the construction site and during the construction of the object is not divided into parts.
3. At the third stage, a virtual building model was created. General training of spatial abilities by geometry education in Augmented Reality 2 2006 H. Kaufmann (2006) The potential of augmented reality in dynamic geometry education. (2017) Using an augmented reality enhanced tabletop system to promote learning of mathematics: A case study with students with special educational needs EURASIA J Math Sci and Tech Ed 9 / 17
Using new technologies and uniting all the stages of project development allows for the reduction of time spent on the project thanks to the interconnection of the previously separate stages. The work of different specialists such as an architect, planner, communication engineer or designer is now constantly linked.
As a visualisation AR-tool a software package can be used; such a package would consist of the following elements:
1.
An application for portable devices such as a phone, tablet, laptop or PC. To run this application the device must have a camera, internet access and the appropriate OS and hardware.
2. Software allowing work with databases and QR-codes (adding and removing objects, QR-code generation, marker printing). It must be noted that any free service can be used for code generation. A QR-code is a code containing an encrypted identifier which corresponds to a specific operation.
This way, an informational model of a building has been created which allows the viewer to 'get inside the structure' and examine all its elements in detail (Figure 2) . To carry out a similar project using traditional methods would be much more time-and energy-consuming. What's more, the final result would be much less informative for the consumers who do not possess even basic knowledge of building design; all the conventional signs and markers seen in the model as well as the importance of constructive elements have to be understandable for the end user. 
DISCUSSION
The third group of students, acting as customers, estimated the perception of the project. In their opinion, the informational model of the building created with the help of modern computer technologies allows for a fuller view of the structure. What's more, from the consumer's point of view such a presentation is more graphic, as it's usually quite challenging for them to understand details of the drawing.
The design process always depends on the interests of two groups of people: planners and consumers. Each group aspires to have their requirements met, which can sometimes cause controversy. And the project authors inevitably face the problem of choosing the final variant of the design.
Having created a few 3D models using AR-software, it's possible to show the possible options to the customer and begin negotiations at the very first meeting. Several cards with bindings can make solving technical problem much easier and quicken the discussion, as AR allows for an immediate transformation of an idea into a visual model. At the moment it is only a prototype on the building market, but it will give a company the chance to stand out while keeping its expenses to a minimum. It is also possible to use AR at the construction site itself to specify some moments concerning the position of the building on the plot. Designing the plot at the initial stage is made significantly less difficult by the clearness of the work and also the ability to do it online (Augmented Reality: Mobile Architectural Applications of the Future, 2015).
The AR technology gives designers the opportunity to follow the stages of the building project and compare the real object with its model. This way, people who are unfamiliar with the building sphere can without much effort control building erection.
AR is absolutely irreplaceable for finishing work as its use reduces not only the amount of time spent on building the structure, but also the probability of builders making a mistake; it also prevents arguments arising between the customer and the developer because of misunderstanding.
The main advantage of AR is the absence of the necessity to use any additional resources. For example, compared to VR-objects (which require a significant amount of additional hardware such as VR-glasses or helmets to be shown), AR-drawings can be seen on the screen of a usual phone or tablet, now owned by almost everyone.
CONCLUSION
The team of students successfully carried out the task of designing a building using AR and created an informational model of this building. Based on the research conducted by the students, their teachers gave recommendations concerning their further education. However, despite the obviousness of the need to teach AR and its application to designing buildings and structures to the new generation of students, this research has shown that there is still no well-tested curriculum, as well as teaching materials, when it comes to the use of AR.
It's worth saying that teachers do not have to base their classes exclusively on AR technologies, but the latter have to become part of the lesson, providing additional visual support.
Besides, learning a subject takes more than simply acquiring theoretical knowledge. It's impossible to limit students' work to attending lectures and checking graphic materials. Students, especially those who want to become technical specialists, have to be taught practical skills and get professional experience. Sometimes acquiring such skills at university is not feasible, therefore laboratories equipped with AR hard-and software can provide future graduates with at least visual skills. The main advantage of AR is that it visualizes difficult to imagine objects by turning them into 3D models, which facilitates students' understanding of abstract and complex information. Its users can choose the color, transparency, angle etc. This approach is especially useful for improving students' abstract thinking and for people who work on transforming theoretical material into real projects.
Despite being actively used in many spheres of modern life, AR as a tool of modernizing education is still a matter open for discussion.
Which leads to the conclusion that it is necessary to: -create a theoretical base in teaching DGECG with the help of AR and assessing students' progress. -carry out further research studying various aspects of practical realization of long-term, well-tested programs and teaching materials in teaching AR to DGECG students.
RECOMMENDATIONS
This article could be found useful by teachers of technical subjects who aspire to increases their students' understanding of the information they are given in class.
We see the presented model of facilitating students' learning as a perspective direction which should be further developed and introduced to the curriculums of various educational institutions.
